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(54) Optical fiber and method of manufacturing the same 

(57) An optical fiber is rolled by a swing motion of a 
swing guide roller (220) in order to impart a predeter- 
nnined twist to it effectively, and its polarization disper- 
sion is suppressed equivalently as in a perfectly circular 
concentric optical fiber. A method of manufacturing such 
an optical fiber is also provided. As a swing guide roller 
(220) swings, the optical fiber is rolled on its roller sur- 
face, so that a clockwise twist and a counterclockwise 

twist are imparted to the optical fiber alternately. At this 
time, the optical fiber is fitted in a V-shaped narrow 
groove formed at the central portion of the roller surface 
of a next-stage first stationary guide roller (231) provid- 
ed just beside the swing guide roller (220), Rolling of the 
optical fiber on the roller surface of the first stationary 
guide roller (231) is suppressed, thereby helping 
smooth rolling of the optical fiber on the roller surface of 
the swing guide roller (220). As a result, a Iwist can be 
imparted to the optical fiber highly efficiently in accord- 
ance with the swing speed of the swing guide roller 
(220). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical fiber and 
a method of manufacturing the same. The present in- 
vention can be applied to a 1 .3-|im single-mode ribbon 
fiber, a dispersion-shifted fiber, and a dispersion-com- 
pensated fiber, as well as any other types of optical fib- 
ers and their manufacturing methods, and is particularly 
suitable to a dispersion-compensated fiber having a 
high Ge content in its core and large PMD (Polarization 
Mode Dispersion: also called merely "polarization dis- 
persion"), and a method of manufacturing the same. 

Related Background Art 

In a conventional optical fiber manufacturing meth- 
od in which one end of an optical fiber preform is sof- 
tened by heating and an optical fiber is drawn from it, It 
is difficult to make the core portion of the optica) fiber 
and a cladding portion around the core portion to have 
perfectly circular and concentric sections, and the sec- 
tions of the core portion and cladding portion usually be- 
come slightly elliptic or slightly distorted circular. Ac- 
cordingly, the refractive index distribution in the section- 
al structure of the optical fiber is not completely uniform, 
which causes a difference in group velocity of two or- 
thogonally polarized waves in the section of the optical 
fiber, thereby undesirably increasing polarization dis- 
persion. For this reason, when the optical fiber is put into 
a practical use as a submarine cable or trunk cable that 
require large-capacity, long-distance transmission, the 
adverse influence of the polarization dispersion appears 
largely. Even in optical fibers having almost the same 
diameter, the higher the content of the dopant, e.g., 
Ge02, added to the core, the larger the polarization dis- 
persion. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to effectively 
impart a predetermined twist to an optical fiber by rolling 
the optical fiber on the roller surface of a guide roller in 
accordance with the swing motion of the guide roller, 
thereby providing an optical fiber in which, even if the 
sectional shapes of its core portion and cladding portion 
are not perfectly circular and concentric, polarization 
dispersion can be suppressed in the elongated optical 
fiber as a whole equivalently as in a case wherein the 
sections of the core portion and the cladding portion are 
perfectly circular and concentric, and a method of man- 
ufacturing the same. 

The present invention relates to an optical fiber 
manufacturing method comprising the first step of draw- 
ing an optical fiber from an optical fiber preform, the sec- 



ond step of coating the optical fiber with a predetermined 
coating material, and the third step of imparting a pre- 
determined twist to the optical fiber coated with the pre- 
determined coating material. The third step further com- 
5 prises the first substep of guiding the optical fiber coated 
with the predetermined coating material with a first guide 
roller that swings periodically, and rolling the optical fiber 
on a roller surface of the first guide roller in accordance 
with swing of the first guide roller, and the second sub- 
10 step of guiding the optical fiber that has passed through 
the first guide roller with a second guide roller provided 
to a next stage of the first guide roller and having a fixed 
rotating shaft, and suppressing the optical fiber from roil- 
ing on a roller surtace of the second guide roller with an 
15 optical fiber rolling suppression means provided to the 
second guide roller. 

The optical fiber rolling suppression means provid- 
ed to the second guide roller is preferably a V-shaped, 
U-shaped, or convex narrow groove which is formed in 
the roller surtace of the second guide roller to fit the op- 
tical fiber in it. 

it is preferable that the outer diameter and position 
of each of the first and second guide rollers be adjusted 
so that a length with which the optical fiber contacts the 
roller surface of the first guide roller is substantially 
equal to or less than a roller circumference correspond- 
ing to a central angle of 90° of the first guide roller. 

It is preferable that the roller surface of the first 
guide roller with which the optical fiber contacts be cov- 
ered with a resin having a high coefficient of friction 
against the predetermined coating material of the optical 
fiber. 

The resin to cover the roller surtace of the first guide 
roller is preferably an urethane resin or an acrylic resin. 

The optical fiber preferably has a drawing tension 
of 4.0 kg/mm^ or more and 16 kg/mm^ or less. 

The third step preferably further comprises the sub- 
step of suppressing responsive motion of the optical fib- 
er, which is caused by swing of the first guide roller, with 
an optical fiber responsive motion suppressing means 
provided on a preceding stage of the first guide roller 

It is preferable that the optical fiber responsive mo- 
tion suppressing means be at least a pair of guide rollers 
which are provided above the first guide roller at a pre- 
determined distance to oppose each other at a prede- 
termined gap through which the optical fiber is passed. 

The present invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way 
of Illustration only, and thus are not to be.considered as 
limiting the present invention. 

Further scope of applicability of the present Inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that 
the detailed description and specific examples, while in- 
dicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes 
and modifications within the spirit and scope of the in- 
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vention will become apparent to those skilled in the art 
from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a process view showing an optical fiber 
manufacturing method; 

Figs. 2 to 5 are views for explaining how to impart 
a twist to an optical fiber; 

Fig. 6 is a process view showing an optical fiber 
manufacturing method according to the present in- 
vention; 

Fig. 7 Is a view showing a swing guide roller and a 
first stationary guide roller of Fig. 6 when viewed 
from the above; 

Fig. 8 is a view showing a pair of guide rollers for 
optical fiber responsive motion control and the 
swing guide roller when viev/ed from the side; 
Fig. 9 is a graph for explaining the relationship be- 
tween Ihe presence/absence of the optical fiber roll- 
ing prevention means of the first stationary guide 
roller and the polarization dispersion of the optical 
fiber; 

Fig. 1 0 is a view showing the positions of the swing 
guide roller and first stationary guide roller relative 
to each other; 

Fig. 1 1 is a graph showing the relationship between 
the position shown in Fig. 10 and the polarization 
dispersion of the optical fiber; 
Fig. 1 2 is a graph for explaining the relationship be- 
tween the material of the roller surface of the swing 
guide roller and the polarization dispersion of the 
optical fiber; 

Fig. 1 3 is a graph for explaining the relationship be- 
tween the fiber tensile force and the rolling proper- 
ties on the roller surface of the swing guide roller; 
Fig. 1 4 is a diagram showing the Installation position 
of the pair of guide rollers for optical fiber responsive 
motion control relative to the swing guide roller; 
Fig. 15 is a graph for explaining the relationship be- 
tween the gap between the pair of guide rollers and 
the polarization dispersion of the optical fiber; and 
Fig. 16 is a perspective view of a mechanism that 
swings the swing guide roller such that the swing 
angle changes sinusoldally. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In order to solve the problem of polarization disper- 
sion in the prior art technique described above, an op- 
tical fiber manufacturing method has been proposed 
(see Japanese Patent Laid-Open No. 6-171970) in 
which, after an optical fiber is drawn from an optical fiber 
preform and Is coated with a predetermined coating ma- 
terial, the optical fiber is guided by a guide roller whose 
rotating shaft swings periodically, thereby Imparling a 
predetermined twist to Ihe optical fiber. 



The outline of this optical fiber manufacturing meth- 
od will be described with reference to Figs. 1 and 2. Fig. 
1 Is a manufacturing process view for explaining the op- 
tical fiber manufacturing method, and Fig. 2 is a view for 
s explaining how to impart a twist to the optical fiber. 

As shown in Fig. 1. an optical fiber preform 300 is 
fed into a drawing furnace 31 0 to be softened by heating 
in the drawing furnace 31 0. An optical fiber 320 is drawn 
from one end of the softened optical fiber preform 300, 
10 The drawn optical fiber 320 is passed through a coating 
unit 340 via a diameter monitor 330, to be coated with 
a polymer coating by the coating unit 340. Then, the op- 
tical fiber 320 is sequentially passed through a coating 
concentricity monitor 350. a coating resin setting unit 
IS 360 having, e.g., a UV lamp, and a coating diameter 
monitor 370. 

Subsequently, the optical fiber 320 enters a zone 
400 having first to third guide rollers 381 , 382, and 383 
and a tensile capstan 390 that pulls the optical fiber 320 
with a predetermined force. The rotating shaft of the first 
gu Ide roller 38 1 swings about an axis parallel to a tensile 
tower axis, which is the characteristic feature of this 
manufacturing method. The rotating shafts of the sec- 
ond guide roller 382 provided on the next stage of the 
first guide roller 381 and the third guide roller 383 pro- 
vided on the next stage of the second guide roller 382 
are fixed. 

As shown in Fig. 2, when., for example, the first 
guide roller 381 is tilted about an axis parallel to the ten- 
sile tower axis by an angle 0, a lateral force on the sheet 
of Fig. 2 is applied to the optical fiber 320 by this tilt, and 
the optical fiber 320 rolls on the roller surface of the first 
guide roller 381. When this rolling is transmitted to the 
heated portion of the preform, a twist is imparted to the 
optical fiber 320 about a longitudinal axis. Subsequently, 
the first guide roller 381 is restored to the initial state. In 
this manner, when asymmetric reciprocal swing motion 
of the first guide roller 381 from an angle 0 to an angle 
+0, as indicated by a double-headed arrow in Fig. 2, is 
repeated, a twist is imparted to the optical fiber 320 in- 
termittently. 

The swing motion of the first guide roller 381 is not 
limited to that shown in Fig. 2, but can be symmetric re- 
ciprocal motion of 29 from an angle -9 to the angle +9 
about an axis parallel to the tensile tower axis, or can 
be symmetric reciprocal motion in the direction of the 
rotating shaft of the first guide roller 381 . In these cases, 
a clockwise twist and a counterclockwise twist with re- 
spect to the traveling direction are alternately imparted 
to the optical fiber 320. 

As described above, according to the proposed op- 
tical fiber manufacturing method, since a^wist is impart- 
ed to the optical fiber 320 intermittently or alternately, 
the optical fiber 320 can be provided in which, even if 
the sectional shapes of Its core portion and cladding por- 
tion are not perfectly circular and concentric, polariza- 
tion dispersion is suppressed in the elongated optical 
fiber as a whole aquivalently as in a case wherein the 
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core portion and the cladding portion are perfectly cir- 
cular and concentric. 

In the above optical fiber manufacturing method, 
however, due to the swing motion of the first guide roller 
381 . the optical fiber 320 cannot roll on the roller surtace 
smoothly, and thus a predetermined twist cannot be ef- 
fectively imparted to the optical fiber 320. 

This point will be clarified with reference to Figs. 3 
to 5. Fig. 3 is a schematic view of the guide portion of 
an optical fiber manufacturing apparatus, Fig. 4 shows 
the first guide roller of Fig. 3 when viewed from the 
above, and Fig. 5 shows the first guide roller of Fig. 4 
when viewed from the side. 

As shown in Fig. 3, the rotating shaft of the first 
guide roller 381 swings about an axis parallel to the ten- 
sile tower axis. The second guide roller 382. which is 
located on the next stage of the first guide roller 381 and 
which has a fixed rotating shaft, is provided at a position 
relatively higher than that of the first guide roller 381. 
Accordingly, in Fig. 3, an optical fiber 321 fed from the 
drawing furnace is brought into contact with the first 
guide roller 381 along the right side surtace, the bottom 
surface, and the left side surface of the first guide roller 
381 , and is separated, as an optical fiber 322, from the 
left side surface of the swing roller 381 and fed to the 
second guide roller 382. The length with which the op- 
tical fiber contacts the roller surface of the first guide 
roller 381 exceeds a roller circumference corresponding 
to a central angle gO*. Although not shown in Fig. 3. the 
roller width of the second guide roller 382 is the same 
as that of the first guide roller 381 . in the same manner 
as in the case shown in Fig. 2. 

A case wherein the optical fiber 320 is guided by 
the swingable first guide roller 381 under these condi- 
tions will be described. 

As shown in Figs. 4 and 5, in a state wherein the 
first guide roller 381 is tilted by the angle +9, the optical 
fiber 321 that has reached the right side surface of the 
first guide roller 381 from the drawing furnace 31 0 starts 
to be brought into contact with the roller surface of the 
first guide roller 381 from Its right side surface. Is kept 
in contact with it along its bottom surface until reaching 
its left side surface, is then separated from it and is fed 
as the optical fiber 322 toward the second guide roller 
382 on the next stage. 

When the first guide roller 381 is restored to the In- 
itial state from this state, on the right side surface of the 
first guide roller 381, an optical fiber 321a rolls on the 
roller surface counterclockwise with respect to the 
traveling direction, and is to reach the position of an op- 
tical fiber 321b. Meanwhile, on the left side surface of 
the first guide roller 381, an optical fiber 322a rolls on 
the roller surface clockwise with respect to the traveling 
direction, and is to reach the position of an optical fiber 
322b. In this manner, on the right and left side surfaces 
of the first guide roller 381 . the rolling directions are op- 
posite to each other, thereby interfering with rolling. 

Accordingly, the counterclockwise rolling for chang- 



ing the optical fiber 321 a to the optical fiber 321 b on the 
right side surface of the first guide roller 381 is interfered 
by the clockwise rolling for changing the optical fiber 
322a to the optical fiber 322b on the left side surface of 

s the first guide roller 381 . so that the optical fiber partially 
slides on the first guide roller. Therefore, while a coun- 
terclockwise twist is supposed to be imparted to the op- 
tical fiber 320 in the traveling direction in accordance 
with rolling for changing the optical fiber 321a to the op- 

10 tical fiber 321 b, it cannot be effectively imparted in prac- 
tice. 

The reason for this is as follows. First, as the second 
guide roller 382 is provided at a position higher than that 
of the first guide roller 381, the optical fiber 320 is 
'5 brought into contact with not only the right side surface 
of the first guide roller 381 but also its left side surface, 
so that rolling of the optical fiber occurring on the left 
side surface interferes with rolling on the right side sur- 
tace. Second, since the roller width of the second guide 

20 roller 382 is equal to that of the first guide roller 381 . the 
optical fiber 320 can roll on the roller surface of the sec- 
ond guide roller 382 as well, so that rolling of the optical 
fiber 320 on the left side surface of the first guide roller 
381 cannot be suppressed. Also, rolling of the optical 

25 fiber 320 on the second guide roller 382 has an effect 
similar to that on the left side surface of the first guide 
roller 381, thereby interfering with rolling on the right 
side surface of the first guide roller 381 . 

In the conventional case shown in Fig. 1 , as the first 

30 swing guide roller 381 and the second guide roller 382 
on the second stage are provided at the same level, the 
first cause that Interferes with the effective twist impart- 
ed to the optical fiber 320 is solved. However, as second 
cause that the second guide roller 382 has the same 

35 roller width as that of the first guide roller 381 and that 
the optical fiber 320 can roll on the roller surface of the 
second guide roller 382 is left, it is still difficult to realize 
to effectively impart a twist to the optical fiber 320. 
In the optical fiber manufacturing method of the 

40 present invention, an optical fiber is drawn from an op- 
tical fiber preform, the optical fiber is coated with a pre- 
determined coating material, and a predetermined twist 
is Imparted to the optical fiber coated with the predeter- 
mined coating material. In this case, the predetermined 

45 twist is imparted to the optical fiber by a combination of 
the substep of guiding the optical fiber with a first guide 
roller whose rotating shaft swings periodteally, and roll- 
ing the optical fiber on a roller surface of the first guide 
roller, and the substep of guiding the optical fiber that 

50 has passed through the first guide roller with the second 
guide roller provided to a next stage and having a fixed 
rotating shaft and suppressing the optical fiber from roll- 
ing on a roller surface of the second guide roller with an 
optical fiber rolling suppression means provided to the 

55 second guide roller. 

More specifically, when the optical fiber rolls on the 
roller surface of the first guide roller that swings, a pre- 
determined twist is imparted to the optical fiber. At this 
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time, if the optical fiber is let to freely roll on the roller 
surface of the second guide rolier on the next stage, roll- 
ing of the optical fiber on the first guide roller is interfered 
with, and a twist is not effectively innparted to the optical 
fiber. For this reason, rolling of the optical fiber on the 
roller surface is suppressed by the optical fiber rolling 
suppression means provided to the second guide roller, 
so that a twist Is highly efficiently imparted to the optical 
fiber by the first guide roller in accordance with the swing 
speed o\ the first guide roller. As a result, a twist can be 
effectively imparted to the optical fiber by the combina- 
tion of the first guide roller that swings and the second 
guide roller provided with the optical fiber rolling sup- 
pression means. 

An example of the optical fiber rolling suppression 
means provided to the second guide roller includes a V- 
shaped, U-shaped, or convex narrow groove which is 
formed in the roller surface. When the optical fiber is 
fitted in this narrow groove and guided, rolling of the op- 
tical fiber can be suppressed. 

If the length with which the optical fiber contacts the 
roller surface of the first guide roller exceeds a roller cir- 
cumference corresponding to a central angle 90°, the 
rolling direction of the optical fiber on a side where the 
optical fiber starts to be in contact with the roller and the 
rolling direction thereof on a side where the optical fiber 
Is separated from the roller become opposite to each 
other. Since a rotary motion aiming at imparting a twist 
to the optical fiber is interfered with, a tvwst cannot be 
effectively imparted to the optical fiber. Therefore, the 
outer diameter and position o1 each of the first and sec- 
ond guide rollers are adjusted so that a length with which 
the optical fiber contacts the roller surface of the first 
guide roller Is substantially equal to or less than a roller 
circumference corresponding to a central angle 90* of 
the first guide roller, thereby imparting a twist to the op- 
tical fiber effectively. 

The twist to be imparted to the optical fiber is gen- 
erated as the optical fiber rolls on the roller surface of 
the first guide roller. Hence, in order to realize ideal roll- 
ing of the optical fiber free from sliding on the roller sur- 
face, the coefficient of friction between the predeter- 
mined coating material of the optical fiber and the roller 
surface must be high. Accordingly, if the roller surface 
of the first guide roller with which the optical fiber is 
brought Into contact Is covered with a resin, e.g., an u re- 
thane resin or an acrylic resin, having a high coefficient 
of friction against the predetermined coaling material of 
the optical fiber, the optical fiber can be rolled on the 
roller surface in an ideal manner, thereby imparting a 
twist to the optical fiber effectively. 

In order to Increase the frictional force on the roller 
surface of the first guide roller that acts on the predeter- 
mined coaling material of the optical fiber, it is also ef- 
fective to increase the drawing tension, thereby increas- 
ing the force with which the predetermined coating ma- 
terial of the optical fiber is urged against the roller sur- 
face of the roller. An increase in rolling properties 



achieved by an increase In frictional force appears when 
the optical fiber has a drawing tension of 4.0 kg/mm^ or 
more. If the drawing tension exceeds 16 kg/mm^, fiber 
disconnection occurs. Hence, the drawing tension must 

s be 16 kg/mm^ or less. 

As the first guide roller swings, the optical fiber im- 
mediately before being brought into contact with the roll- 
er of the first guide roller responds. If this responsive 
motion of the optical fiber is left, the amount of twist to 

10 be imparted to the optical fiber may be decreased, or 
the thickness of the coating of the optical fiber may be- 
come non-uniform. Accordingly, the responsive motion 
of the optical fiber is suppressed by the optical fiber re- 
sponsive motion suppressing means provided to a pre- 

15 ceding stage of the first guide roller, thereby preventing 
a decrease in amount of twist imparted to the optical fib- 
er and a non-unilonnity in thickness of the coating of the 
optical fiber. 

An example of the optical fiber responsive motion 
20 suppressing means includes at feast a pair of guide roll- 
ers which are provided above the first guide roller at a 
predetermined distance to oppose each other at a pre- 
determined gap through which the optical fiber is 
passed. When the optical fiber responds to the swing of 
25 the first guide roller by at least the pair of guide rollers, 
if the responsive motion of the optical fiber is within a 
predetermined range, the optical fiber passes between 
at least the pair of guide rollers. If the responsive motion 
exceeds the predetermined range, the optical fiber will 
30 contact either one of the guide rollers, so that its further 
responsive motion is interrupted. Therefore, at least the 
pair of guide rollers serve as the optical fiber responsive 
motion suppressing means. 

The optical fiber according to the present invention 
55 comprises a core portion and a cladding portion cover- 
ing the core portion, is imparted with a predetermined 
twist, and is characterized by being manufactured in ac- 
cordance with the above manufacturing method. 

The optical fiber of the present invention Is manu- 
re factured in accordance with the above manufacturing 
method, has the core portion and the cladding portion 
covering the core portion, and is imparted with the pre- 
determined twist. Therefore, even if the sectional 
shapes of the core portion and cladding portion of the 
45 optical fiber are not perfectly circular and concentric, po- 
larization dispersion can be suppressed in the elongat- 
ed optical fiber as a whole equivalently as in a case 
wherein the core portion and the cladding portion are 
perfectly circular and concentric. Since the non-uniform- 
50 ity In thickness of the coating of the optical fiber Is sup- 
pressed, the stress distribution on the section of the op- 
tical fiber can be prevented from being asymmetric, 
thereby increasing the strength of the optical fiber when 
formed Into a cable. 

55 

Embodiment 1 

An example of the present invention will be de- 
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scribed with reference to the accompanying drawings. 
In the explanation of the drawings, the same reference 
numerals denote the identical elements, and a repetitive 
explanation thereof will be omitted. 

Fig. 6 is a manufacturing process view of the optical s 
fiber manufacturing method of the present invention. 

As shown in Fig. 6, in the optical fiber manufacturing 
method of this embodiment, an optical fiber preform 100 
is prepared. The optical fiber preform 100 is fabricated 
in accordance with a vapor-phase axial deposition io 
method (VAD method), an outside vapor-phase deposi- 
tion method (OVD method), a modified chemical vapor 
deposition method (MCVD method), a rod-in-tube meth- 
od, and the tike. 

After the optical fiber preform 1 00 is set in a drawing is 
furnace 110, the lower end of the optical fiber preform 
100 is softened by heating by a heater 120 in the draw- 
ing furnace 110. and an optical fiber 130 is obtained by 
drawing. A drawing velocity Vp for this is, e.g., 100 m/ 
min. 20 

The diameter of the optical fiber 1 30 obtained by 
drawing is measured by a laser diameter measurement 
unit 140. The measurement result is reported to a draw- 
ing control unit 1 50. The drawing control unit 1 50 con- 
troJs the heating temperature of the heater 1 20 and the 
drawing velocity Vp based on the measurement result 
such that the diameter of the optical fiber 1 30 becomes 
a predetermined value, usually 125 pm. 

The optical fiber 1 30 is passed through a liquid resin 
171 stored in a first resin coating die 161 to apply the 30 
first layer resin to its surface. 

Successively, an UVIamp 181 irradiates the optical fiber 
1 30 applied with the first layer resin, thereby setting the 
first layer resin. The optical fiber 130 is then passed 
through a liquid resin 1 72 stored in a second resin coat- 3S 
ing die 162 in the same manner to apply the second lay- 
er resin to the surface of its first layer resin. Successive- 
ly, an UV lamp 182 irradiates the optical fiber 130 ap- 
plied with the second layer resin, thereby setting the 
second layer resin. In this manner, an optical fiber 200 
is formed by coating the surface of the optical fiber 1 30 
with a resin coating 1 90 consisting of two resin layers. 
The optical fiber 200 with the coating 1 90 has a diameter 
of. e.g., 250 pm. 

Subsequently, the optical fiber 200 is passed be- 4S 
tween a pair of guide rollers 21 0 for optical fiber respon- 
sive motion suppression that rotate freely in the traveling 
direction of the optical fiber 200, and is successively and 
sequentially guided with a swing guide roller 220, a first 
stationary guide roller 231 provided on the next stage of so 
the optical fiber 200, and a second stationary guide roller 
232 provided on the next stage of the first stationary 
guide roller 231 . Furthermore, the optical fiber 200 that 
has passed through the swing guide roller 220, the first 
stationary guide roller 231, and the second stationary 55 
guide roller 232 sequentially is taken up on a drum 240. 

The pair of guide rollers 21 0 for optical fiber respon- 
sive motion suppression are located at a position right 



above the optical fiber 200 at a distance L = 100 mm 
from it, and a gap d between the pair of guide rollers 210 
is 2 mm. The swing guide roller 220 has an outer diam- 
eter of 1 50 mm and a width of 30 mm. The material of 
the roller surface of the swing guide roller 220 is alumi- 
num which is the material of the roller itself, and the ro- 
tating shaft of the swing guide roller 220 swings about 
an axis parallel to the tensile tower axis with a period of 
100 rpm from an angle -0 to an angle +9. The first sta- 
tionary guide roller 231 is provided at a position just be- 
side the swing guide roller 220 at a distance D = 250 
mm. and has an outer diameter of 150 mm and a width 
of 30 mm equal to those of the swing guide roller 220. 
However, the rotating shaft of the first stationary guide 
roller 231 is fixed, and a V-shaped narrow groove sen/- 
ing as an optical fiber rolling suppression means is 
formed at the central portion of the roller surface of the 
first stationary guide roller 231 . With the combination of 
the pair of guide rollers 210 tor optical fiber responsive 
motion suppression, the swing guide roller 220, and the 
first stationary guide roller 231 that are arranged under 
these conditions, a predetermined twist is imparted to 
the optical fiber 200 effectively, i.e., highly efficiently in 
accordance with the swing speed of the swing guide roll- 
er 220. The characteristic feature of this embodiment 
resides in this. 

A method of imparting a predetermined twist to the 
optical fiber 200 effectively will be described with refer- 
ence to Figs. 7 and 8. Fig. 7 shows the swing guide roller 
220 and the first stationary guide roller 231 of Fig. 6 
when viewed from the above, and Fig. 8 shows the pair 
of guide rollers 210 for optical fiber responsive motion 
suppression and the swing guide roller 220 when 
viewed from the side. 

As shown in Fig. 7. when the swing guide roller 220 
is tilted about an axis parallel to the tensile tower axis 
by an angle +6, a lateral force is applied to the optical 
fiber 200 by this tilt to roll the optical fiber 200 on the 
roller surface of the swing guide roller 220. A twist is 
imparted to the optical fiber 200 by this rolling. Subse- 
quently, the swing guide roller 220 is tilted in the oppo- 
site direction by an angle -6. When symmetric reciprocal 
motion in which the swing guide roller 220 swings from 
the angle +G to the angle -6 is repeated, as indicated by 
a double-headed arrow in Fig. 7, a clockwise twist and 
a counterclockwise twist in the traveling direction are al- 
ternately imparted to the optical fiber 200. 

As the first stationary guide roller 231 on the next 
stage of the swing guide roller 220 is provided just be- 
side the swing guide roller 220 to have the same outer 
diameter as that of the swing guide roller 220, the length 
with which the optical fiber 200 contacts the roller sur- 
face of the swing guide roller 220 becomes substantially 
equal to the roller circumference corresponding to the 
central angle 90° of the swing guide roller 220. More 
specifically, the optical fiber 200 contacts the swing 
guide roller 220 along one side surface to the ix)ttom 
surface of the swing guide roller 220, and is separated 
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from it at Its lowest portion. Thus, the following drawback 
can be prevented: the optical fiber 200 rolls on the other 
side surface of the roller to interfere with rolling of the 
optical fiber 200 on one side surface of the roller to 
cause the optical fiber 200 to slide on the swing guide 
roller 220. Accordingly, with rolling of the optical fiber 
200 on one side surface of the roller of the swing guide 
roller 220. a twist can be imparted to the optical fiber 
200 highly efficiently in accordance with the swing 
speed of the swing guide roller 220. 

A V-shaped narrow groove 250 serving as the opti- 
cal fiber rolling suppression means is formed at the cen- 
tral portion of the roller surface of the first stationary 
guide roller 231 , and the optical fiber 200 guided by the 
first stationary guide roller 231 is fitted in the V-shaped 
narrow groove 250. Thus, the following drawback can 
be prevented: the optical fiber 200 rolls on the roller sur- 
face of the first stationary guide roller 231 to interfere 
with rolling of the optical fiber 200 on the swing guide 
roller 220 thai aims at imparling a twist to the optical 
fiber 200. As a result, since rolling of tlie optical fiber 
200 on the roller surlace of the first stationary guide roll- 
er 231 is suppressed by the V-shaped narrow groove 
250, a twist can be imparted to the optical fiber 200 high- 
ly efficiently in accordanco with the swing speed of the 
swing guide roller 220. 

As shown in Fig. 8, when the swing guide roller 220 
is tilted about the axis parallel to the tensile tower axis 
by an angle +Band the optical fiber 200 rolls on the roller 
surface of the swing guide roller 220, together with roll- 
ing of the optical fiber 200. the optical fiber 200 on the 
drawing furnace side immediately before the swing 
guide roller 220 also responds to swinging in the swing 
direction of the swing guide roller 220. If the responsive 
motion of the optical fiber 200 exceeds a predetermined 
range, the amount of twist to be imparted to the optical 
fiber 200 may be decreased, or the thickness of the op- 
tical fiber 200 coated with the resin coating 1 90 may be- 
come non-uniform. However, as the guide rollers 210 
are provided immediately above the swing guide roller 
220, when the responsive motion of the optical fiber 200 
exceeds a predetermined value, the optical fiber 200 is 
brought into contact with one of the pair of guide rollers 
210, so that its further responsive motion is prevented. 
Hence, when the pair of guide rollers 210 suppress the 
responsive motion of the optical fiber 200, a decrease 
in amount of twist Imparted to the optical fiber 200 and 
the non-uniformity in thickness of the optical fiber 200 
coated with the resin coating 190 can be suppressed. 

In this manner, according to the optical fiber manu- 
facturing method of this embodiment, as the pair of 
guide rollers 210 for optical fiber responsive motion sup- 
pression, the swing guide roller 220, and the first sta- 
tionary guide roller 231 are combined, the swing guide 
roller 220 allows the optical fiber 200 to roll on its roller 
surface by its swing motion to impart a clockwise twist 
and a counterclockwise twist to the optical fiber 200 al- 
ternately, and the pair of guide rollers 21 0 for optical fiber 



responsive motion suppression and the first stationary 
guide roller 231 provided with the optical fiber rolling 
suppression means help smooth rolling of the optical fib- 
er 200 on the roller surface of the swing guide roller 220. 
s As a result, a twist can be imparted to the optical fiber 
200 highly efficiently in accordance with the swing 
speed of the swing guide roller 220. 

According to the optical fiber manufacturing method 
of this embodiment, when letting the optical fiber 200 to 
^0 roll on the roller surface of the swing guide roller 220, 
the responsive motion of the optical fiber 200 can be 
suppressed by the pair of guide rollers 210 for optical 
fiber responsive motion suppression. Thus, the non-uni- 
formity in thickness of the optical fiber 200 coated with 
the resin coating 190 can be suppressed. 

The optical fiber 200 according to the present inven- 
tion is manufactured in accordance with the above man- 
ufacturing method, has a core portion and a cladding 
portion covering the core portion, and Is imparted with 
a clockwise twist and a counterclockwise twist alternate- 
ly. Even if the sectional shapes of the core portion and 
cladding portion of the optical fiber 200 are not perfectly 
circular and concentric, polarization dispersion can be 
suppressed in the elongated optical fiber as a whole 
equivalently as in a case wherein the core portion and 
the cladding portion are perfectly circular and concen- 
tric. 

In the optical fiber 200 coated with the resin coating 
190 of the present invention, since the non-uniformity In 
its thickness is suppressed, the stress distribution on the 
section of the optical fiber 200 can be prevented from 
becoming asymmetric. Thus, the strength of the optical 
fiber 200 when formed into a cable can be increased. 

In the above embodiment, the swing motion of the 
swing guide roller 220 is a symmetrically reciprocal mo- 
tion from the angle -9 to the angle +0, as shown in Fig. 
7. However, the swing motion of the swing guide roller 
220 is not limited to this, but can be, e.g., an asymmetric 
reciprocal motion in which the swing guide roller 220 
swings from the zero angle to the angle +9. In this case, 
a twist is intermittently imparted to the optical fiber 200. 
Also, the swing motion of the swing guide roller 220 may 
be a symmetric reciprocal motion in which the swing 
guide roller 220 swings in the direction of its rotating 
shaft. In this case, a clockwise twist and a counterclock- 
wise twist are imparted to the optical fiber 200 alternate* 
ly, in the same manner as in the above embodiment. 

In the above embodiment, the V-shaped narrow 
groove 250 serving as the optical fiber rolling suppres- 
sion means is formed in the first stationary guide roller 
231 . However, the same effect can be obtained by form- 
ing a U-shaped or concave narrow groove instead. 

An experiment conducted by the present inventors 
in order to confirm the effects of the pair of guide rollers 
210 for optical fiber responsive motion suppression, the 
swing guide roller 220, and the first stationary guide roll- 
er 231 , which constitute the essential part of the above 
embodiment, and to obtain the optimum conditions for 
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achieving these effects, and the result of the experiment 
will be described. 

The first experiment aims at confirming the effect 
obtained by guiding the optical fiber 200 with the first 
stationary guide roller 231 provided witfi the optical fiber 
rolling suppression means. More specifically, a case 
wherein the V-shaped narrow groove 250 serving as the 
optical fiber rolling suppression means was fomned in 
the first stationary guide roller 231. and the optical fiber 
200 was fitted in the V-shaped narrow groove 250 and 
guided, and a case \yherein no optical fiber rolling sup- 
pression means was provided to the first stationary 
guide roller 231 and an optical fiber could be rolled on 
the roller surface of the first stationary guide roller 231, 
were compared. Various other conditions were the same 
as in the case described with reference to Figs. 6 and 
7, except that the swing period of the swing guide roller 
220 was changed between 0 and 200 rpm. 

The graph of Fig. 9 shows the result of the first ex- 
periment. As Is apparent from this graph, when no opti- 
cal fiber rolling suppression means is provided to the 
first stationary guide roller 231 so that the optical fiber 
can be rolled on the roller surface of the first stationary 
guide roller 231. even if the swing period of the swing 
guide roller 220 is changed, the polarization dispersion 
of the optical fiber 200 is not decreased. In contrast to 
this, when the V-shaped narrow groove 250 serving as 
the optical fiber rolling suppression means is formed in 
the first stationary guide roller 231 , the polarization dis- 
persion of the optical fiber 200 is decreased in the entire 
swing period. This effect is conspicuous particularly in 
the swing period of 20 to 150 rpm. the preferred swing 
period being 50 to 100 rpm. 

Accordingly, it is confirmed from the first experiment 
that the first stationary guide roller 231 provided with the 
optical fiber rolling suppression means helps the optical 
fiber 200 to roll smoothly on the roller surface of the 
swing guide roller 220, so that a twist is imparted to the 
optical fiber 200 highly efficiently in accordance with the 
swing speed of the swing guide roller 220. 

The second experiment aims at obtaining the opti- 
mum conditions of the positions of the swing guide roller 
220 and the first stationary guide roller 231 relative to 
each other. More specifically, as shown in Fig. 10, by 
employing a horizontal distance D (D = 180 mm, 250 
mm, and 500 mm) between the swing guide roller 220 
and the first stationary guide roller 231 as the parameter, 
a relative height Ah (the downward and upward direc- 
tions are defined as positive and negative, respectively) 
of the lowest portion of the first stationary guide roller 
231 with respect to the lowest portion of the swing guide 
roller 220 was changed. The polarization dispersion of 
the optical fiber 200 obtained in this case was meas- 
ured. Various other conditions were the same as in the 
case described with reference to Figs. 6 and 7. 

The graph of Fig. 11 shows the result of the second 
experiment. As is apparent from this graph, when the 
relative height Ah of the lowest portion of the first sta- 



tionary guide roller 231 with respect to the lowest portion 
of the swing guide roller 220 satisfies 0 < Ah < 150 mm, 
i.e.. when the lowest portion of the first stationary guide 
roller 231 is of the same height as or relatively lower 
5 than the lowest portion of the first stationary guide roller 
231, the polarization dispersion of the optical fiber 200 
is decreased greatly as compared to a case wherein the 
relative height Ah satisfies -1 50 mm < Ah < 0, i.e., a case 
wherein the lowest portion of the first stationary guide 
10 roller 231 is relatively higher than the lowest portion of 
the swing guide roller 220. The larger the horizontal dis- 
tance D between the swing guide roller 220 and the first 
stationary guide roller 231, the larger the decrease in 
polarization dispersion of the optical fiber 200. However, 
IS when the relative height Ah satisfies 0 < Ah < 150 mm, 
the difference In polarization dispersion is not so large. 

The reason for this is as follows. When the relative 
height Ah satisfies 0 < Ah < 150 mm. the length with 
which the optical fiber 200 contacts the roller surface of 

20 the swing guide roller 220 becomes equal to or less than 
the roller circumference corresponding to the central an- 
gle 90°, so that the optical fiber 200 is in contact with 
the swing guide roller 220 along one side surface to the 
bottom surface of the swing guide roller 220, and is sep- 

25 arated from the swing guide roller 220 at the lowest por- 
tion of the swing guide roller 220 or immediately before 
it. In contrast to this, when the relative height Ah satisfies 
-1 50 mm < Ah < 0, the length with which the optical fiber 
200 contacts the roller surface of the swing guide roller 

30 220 exceeds the roller circumference corresponding to 
the central angle 90°, so that the optical fiber 200 con- 
tacts the swing guide roller 220 along one side surface, 
the bottom surface, and the other side surface of the 
swing guide roller 220. More specifically, in the latter 

35 case, since the optical fiber 200 rolls even on the other 
side surface of the roller, rolling of the optical fiber 200 
on one side surface, which aims at imparting a twist to 
the optical fiber 200, is interfered with. In contrast to this. 
In the former case, since such a situation does not occur, 

40 the optical fiber 200 can be rolled smoothly, so that a 
twist can be imparted to the optical fiber 200 highly ef- 
ficiently in accordance with the swing speed of the swing 
guide roller 220. 

Accordingly, from the second experiment, it is con- 

45 firmed that the positions of the swing guide roller 220 
and the first stationary guide roller 231 relative to each 
other are preferably adjusted such that a length with 
which the optical fiber 200 contacts the roller surface of 
the first guide roller 220 is substantially equal to or less 

50 than a roller circumference corresponding to a central 
angle 90° of the first guide roller. 

In the above description, both the optical fiber 200 
and the first stationary guide roller 231 have the same 
diameter. Even if the diameters are different, the c^ject 

55 can be achieved by paying attention to the relative 
height Ah of the lowest portion of the first stationary 
guide roller 231 with respect to the lowest portion of the 
swing guide roller 220. This means that the length with 
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which the optical fiber 200 contacts the roller surface of 
the swing guide roller 220 can be adjusted also by 
changing the outer diameters of the swing guide roller 
220 and the first stationary guide roller 231 . 

The third experiment aims at obtaining the optimum s 
material of the roller surface of the swing guide roller 
220. More specifically, in Figs. 6 and 7, as the material 
of the roller surface, aluminum, which is the material of 
the roller itself, was employed. In contrast to this, in the 
third experiment, the polarization dispersion of the opti- io 
cal fiber 200 was measured while changing the material 
of the roller surface variously. Various other conditions 
were the same as in the case described with reference 
to Figs. 6 and 7, except that the swing period of the 
swing guide roller 220 was changed between 0 and 200 is 
rpm. 

The graph ol Fig. 12 shows the result of the third 
experinieni. When the swing guide roller 220 is not 
swung at all. no difference In polarization dispersion re- 
sulted from iho difference in material of the roller sur- 20 
face. In conliast to tins, as is apparent from this graph, 
when the swing guide roller 220 is swung, the polariza- 
tion dispersion of the optical fiber 200 is decreased in 
the entire swing period in the order of an urethane resin, 
an acrylic rcsin. aluminum, and Bakelite that are em- 25 
ployed as the materials of the roller surfaces. In partic- 
ular, in the swing period of 20 to 1 50 rpm, the decrease 
in polarization dispersion of the optical fiber 200 is the 
largest with ihe urethane resin, and the second largest 
with the acrylic resin The preferred swing period Is 50 30 
to 100 rpm 

The effect of decreasing the polarization dispersion 
of the optical fiber 200 corresponds to the magnitude of 
the coefficient of friclion ol the material of the roller sur- 
face against the resin coating 190 applied on the surface 3S 
of the optical fiber 200. More specifically, the higher the 
coefficient of friction of the material of the roller surface 
against the resin coaling 190 on the surface of the op- 
tical fiber 200. the more ideal rolling of the optical fiber 
200 without sliding on the roller surface. This rolling im- 40 
parts a twist to the optical fiber 200, thereby decreasing 
the polarization dispersion of the optical fiber 200. 

Accordingly, from the third experiment, it is con- 
firmed that the roller surface of the first guide roller 220 
with which the optical fiber 200 is brought into contact 45 
Is preferably covered with a resin having a high coeffi- 
cient of friction against the resin coating 190 of the op- 
tical fiber 200, and thai an urethane resin or an acrylic 
resin is suitable as this resin. 

The fourth experiment aims at obtaining the rela- so 
tionship between the rolling properties on the roller sur- 
face of the swing guide roller 220 and the drawing ten- 
sion of the optical fiber 200. More specifically as the ma- 
terial of the roller surface, aluminum, which is the mate- 
rial of the roller itself, was employed, as shown in Figs, ss 
6 and 7, and the swing period was set to 1 00 rpm. Rolling 
frequencies were observed while changing the drawing 
tension. The optical fiber 200 with the coating was set 



to 250 (.im. 

The graph of Fig. 13 shows the result of the fourth 
experiment. As is apparent from this graph, an improve- 
ment in rolling properties appears when the drawing ten- 
sion is 4.0 kg/mm2 or more. Fiber disconnection occurs 
when the drawing tension exceeds 16 kg/mm2. 

As a result, from the fourth experiment, it is con- 
firmed that the drawing tension of the optical fiber 200 
is preferably 4.0 kg/mm^ or more and 16 kg/mm^orless. 

The fifth experiment aims at obtaining the optimum 
conditions for the relative position of the pair of guide 
rollers 210 for optical fiber swing suppression, that ro- 
tate freely in the traveling direction of the optical fiber 
200, with respect to the swing guide roller 220, and the 
gap between the pair of guide rollers 210. More specif- 
ically, as shown in Fig. 14, by employing a vertical dis- 
tance L (L = 30 mm, 50 mm, 100 mm, and 200 mm) 
between the swing guide roller 220 and one of the pair 
of guide rollers 210 as the parameter, a gap d between 
the pair of guide rollers 210 was changed from 1 mm to 
8 mm. The polarization dispersion of the optical fiber 200 
obtained in this case was measured. Various other con- 
ditions were the same as in the case described with ref- 
erence to Figs. 6 and 7. In order to confirm the effect 
obtained by allowing free rotation of the pair of guide 
rollers 210 in the traveling direction of the optical fiber 
200, the polarization dispersion was measured also In 
a case wherein the guide rollers 21 0 were fixed not to 
be rotatable. 

The graph of Fig. 15 shows the result of the fifth 
experiment. As Is apparent from this graph, the shorter 
the vertical distance L between the swing guide roller 
220 and the pair of guide rollers 210, the smaller the 
polarization dispersion of the optical fiber 200, and the 
smaller the gap d between the parr of guide rollers 210, 
the smallerthe polarization dispersion of the opticalfiber 
200. In particular, when L = 30 mm, the polarization dis- 
persion is decreased largely regardless of d. When L = 
50 mm, the polarization dispersion is largely decreased 
with d = 1 mm to 2 mm. 

This means that the pair of guide rollers 210 sup- 
press the responsive motion of the optical fiber 200 that 
occurs in response to the swing of the swing guide roller 
220, thereby suppressing a decrease in amount of twist 
of the optical fiber 200 which is caused by the respon- 
sive motion of the optical fiber 200. The shorter the ver- 
tical distance L between the swing guide roller 220 and 
the pair of guide rollers 210. and the smaller the gap d 
between the pair of guide rollers 210, the larger the ef- 
fect of suppressing the responsive motion of the optical 
fiber 200. Thus, the effect of decreasing the polarization 
dispersion of the optical fiber 200 may also be increased 
accordingly due to this. 

When the pair of guide rollers 210 are set not to be 
rotatable, the polarization dispersion of the optical fiber 
200 is generally larger than in a case wherein the pair 
of guide rollers 210 are rotatable regardless of the mag- 
nitude of the distance L. However, the larger the gap d, 
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the smaller the polarization dispersion of the optical fiber 
200. When d = 10 mm. there is substantially no differ- 
ence in polarizatbn dispersion when compared to the 
case wherein the pair of guide rollers 210 are rotatable. 

A non -uniformity ratio in thickness of the optical fib- 
er 200 coated with the resin coating 1 90 was measured 
under the same conditions as those of the fifth experi- 
ment. Note that when the non -uniformity ratio in thick- 
ness is 0%. the sectional shapes of the core portion and 
the cladding portion of the optical fiber 200 become per- 
fectly circular and concentric. Although the result of 
measurement is not shown in the graph, when the gaps 
d = 1 mm, 2 mm. 5 mm. 8 mm, and 10 mm, the non- 
uniformity ratios in thickness was 1 5%, 20%, 35%. 40%, 
and 45%, respectively, regardless of the magnitude of 
the distance L More specifically, the smaller the gap d, 
the lower the non-uniformity ratio in thickness, and the 
less the non-uniformity in thickness of the optical fiber 
200 coated with the resin coating 190. 

This may be because the smaller the gap d between 
the pair of guide rollers 210, the more the responsive 
motion of the optical fiber 200 is suppressed, and the 
smoother the optical fiber 200 can roll on the roller sur- 
face of the swing guide roller 220. The non uniformity 
ratk> in thickness of the optical fiber 200 coated with the 
resin coating 1 90 may be decreased by smooth rolling 
of the optical fiber 200. 

Accordingly, the following facts are confirmed from 
the fifth experiment. The pair of guide rollers 210 for op- 
tical fiber responsive motion suppression which rotate 
freely in the traveling direction of the optical fiber 200 
help the optical fiber 200 to roll smoothly on the roller 
surface of the swing guide roller 220, thereby imparting 
a twist to the optical fiber 200 highly efficiently in accord- 
ance with the swing speed of the swing guide roller 220. 
The smaller the vertical distance L between the pair of 
guide rollers 210 and the swing guide roller 220, and the 
smaller the gap d between the pair of guide rollers 210, 
then the larger the effect of helping imparting the twist. 
Also, the non-uniformity in thickness of the optical fiber 
200 coated with the resin coating 1 90 is decreased. The 
smaller the gap d between the pair of guide rollers 210, 
the larger the thickness non-uniformity decreasing ef- 
fect. 

As has been described above in detail, the optical 
fiber manufacturing method of the present invention 
comprises the first substep of guiding the optical fiber 
with the first guide roller whose rotating shall swings pe- 
riodically, and rolling the optical fiber on the roller sur- 
face in accordance with swing of the first guide roller, 
and the second substep of guiding the optical fiber that 
has passed through the first guide roller with the second 
guide roller provided to a next stage of said first guide 
roller and having a fixed rotating shaft, and suppressing 
the optical fiber from rolling on a roller surface of the 
second guide roller with the optical fiber rolling suppres- 
sion means provided to the second guide roller, thereby 
imparting a predetermined twist to the optical fiber ef- 



fectively. 

If the manufacturing method further comprises the 
substep of suppressing a responsive motion of the op- 
1ical fiber, which is caused by the swing of the first guide 
5 roller, with an optical fiber responsive motion suppress- 
ing means provided on a preceding stage of the first 
guide roller, a predetermined twist can be imparted to 
the optical fiber more effectively, and the non-uniformity 
in thickness of the coating of the optical fiber can be sup- 
10 pressed. 

Furthermore, as the optical fiber of the present in- 
vention is manufactured in accordance with the above 
manufacturing method and is Imparted with a predeter- 
mined twist, even if the sectional shapes of its core por- 
is tion and cladding portion are not perfectly circular and 
concentric, polarization dispersion can be suppressed 
in the elongated optical fiber as a whole equivalently as 
in a case wherein the core portion and the cladding por- 
tion are perfectly circular and concentric. Since the non- 
20 uniformity in thickness of the coating of the optical fiber 
is suppressed, the stress distributbn on the section of 
the optical fiber can be prevented from being asymmet- 
ric, thereby increasing the strength of the optical fiber 
when formed into a cable. 

.25 

Embodiment 2 

An apparatus for swinging the swing guide roller 
220 will be described. It Is Ideal that the swing guide 

30 roller 220 swing sinusoidally. More specifically, it is ideal 
that a swing angle 6 (see Fig. 7) of the swing guide roller 
220 change sinusoidally as a function of time. At least, 
the change over time of the swing angle 0 must be such 
that the maximum clockwise angle and the maximum 

35 counterclockwise angle are equal, that the period of the 
clockwise swing and the period of the counterclockwise 
swing are equal, and that the swing angular velocity 
changes smoothly. These conditions are required as the 
change over time of the swing angle 6. Then, when the 

^0 optical fiber is formed into a cable, a kink will not be 
formed, thereby preventing the optical fiber from being 
easily fractured. 

Fig. 16 Is a perspective view of an example of a 
mechanism that swings the swing guide roller 220 such 

45 that the swing angle 9 changes sinusoidally. A gear 510 
is rotatably mounted on a base 500 with Its rotating shaft 
being directed vertically. A roller base 520 is mounted 
on the upper surface of the gear 510, and the swing 
guide roller 220 is rotatably mounted on a rotating shaft 

50 530 projecting from the roller base 520 horizontally. 

A movable portion 550 is mounted on the base 500 
through a first linear guide 540. Accordingly, the mova- 
ble portion 550 can move in a predetermined direction 
vyith respect to the base 500. A base portion 570 of a 

55 second linear guide 560 is fixed to the movable portion 
550. The second linear guide 560 is movable along the 
base portion 570. The moving direction of the first linear 
guide 540 is perpendicular to the moving direction of the 
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second linear guide 560. One end of an arm 580 is fixed 
to the second linear guide 560. and the other end of the 
arm 580 is rotatably mounted on a pin 600 projecting 
from a rotary disk 590. The rotary disk 590 is mounted 
on the output shaft of a motor and a reduction gear (nei- 5 
ther are shown) and is rotated. A rack gear 610 is fixed 
to the movable portion 550, and the rack gear 610 mesh- 
es with the gear 510. 

The operation of the mechanism shown in Fig. 16 
will be described. First, the rotary disk 590 is rotated by io 
the output from the motor which is decelerated by the 
reduction gear. This rotation rotates the pin 600 in turn, 
and one end of the arm 580 moves along a circumfer- 
ence. Since the arm 580 is mounted on the base 500 
through the two linear guides 540 and 560, it does not is 
rotate with respect to the base 500. Accordingly, the oth- 
er end of the arm 580 also moves along the circumfer- 
ence, so that the second linear guide 560 also moves 
along the circumference. Since the base portion 570 of 
the second linear guide 560 can move only in a prede- 20 
termined linear direction (i.e., in the moving direction of 
the first linear guide 540), its position changes sinusoi- 
dal ly. The position of the movable portion 550 to which 
the base portion 570 is fixed also changes sinusoidally. 
so that the position of the rack gear 610 also changes 25 
in the same manner Accordingly, the rotation angle of 
the gear 51 0 changes sinusoidally, so that the swing an- 
gle e of the swing guide roller 220 mounted to the gear 
510 also changes sinusoidally. 

From the Invention thus described, it will be obvious 30 
that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such mod- 
ifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 3S 
lowing claims. 

The basic Japanese Applications No.41 820/1 995 
filed on March 1 , 1 995 and No.281 809/1 995 filed on Oc- 
tober 30, 1995 are hereby incorporated by reference. 

40 

Claims 

1. An optical fiber manufacturing method comprising: 

45 

the first step of drawing an optical fiber from an 
optical fiber preform; 

the second step of coating said optical fiber with 
a predetermined coating material; and 
the third step of imparting a predetermined twist so 
to said optical fiber coated with said predeter- 
mined coating material, 
wherein the third step further comprises: 
the first substep of guiding said optical fiber 
coated with said predetermined coating mate- ss 
rial with a first guide roller that swings periodi- 
cally, and rolling said optical fiber on a roller sur- 
face of said first guide roller in accordance with 



swing of said first guide roller; and 
the second substep of guiding said optical fiber 
that has passed through said first guide roller 
with a second guide roller provided to a next 
stage of said first guide roller and having a fixed 
rotating shaft and suppressing said optical fiber 
from rolling on a roller surface of said second 
guide roller with an optical fiber rolling suppres- 
sion portion provided to sard second guide roll- 
er. 

2. A method according to claim 1 , wherein said optical 
fiber rolling suppression portion is a V-shaped 
groove which is formed in said roller surface of said 
second guide roller and in which said optical fiber 
is fitted. 

3. A method according to claim 1 , wherein said optical 
fiber rolling suppression portion is a U-shaped 
groove which is formed in said roller surface of said 
second guide roller and in which said optical fiber 
is fitted. 

4. A method according to claim 1 , wherein said optical 
fiber rolling suppression portjon is a concave 
groove which is formed in said roller surface of said 
second guide roller and in which said optical fiber 

is fitted. 

5. A method according to claim 1 . wherein an outer 
diameter and position of each of said first and sec- 
ond guide rollers are adjusted, so that a length with 
which said optical fiber contacts said roller surface 
of said first guide roller is substantially equal to a 
roller circumference corresponding to a central an- 
gle of 90* of said first guide roller 

6. A method according to claim 1 , wherein an outer 
diameter and position of each of said first and sec- 
ond guide rollers are adjusted, so that a length with 
which said optical fiber contacts said roller surface 
of said first guide roller is smaller than a roller cir- 
cumference corresponding to a central angle of 90° 
of said first guide roller. 

7. A method according to claim 1, wherein said roller 
surface of said first guide roller with which said op- 
tical fiber is brought into contact is covered with a 
resin having a high coefficient of friction against said 
predetermined coating material of said optical fiber. 

8. A method according to claim 7, wherein said resin 
to cover said roller surface of said first guide roller 
is an urethane resin. 

9. A method according to claim 7. wherein said resin 
to cover said roller surface of said first guide roller 
is an acrylic resin. 
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10. A method according to claim 1 , wherein said optical 
fiber has a drawing tension of not less than 4.0 kg/ 
mm2 and not more than 16 kg/mm^. 

11. A method according to claim 1. wherein the third s 
step further comprises the substep of suppressing 
responsive motion of said optical fiber which is 
caused by swing of said first guide rofler, with an 
optical fiber responsive motion suppressing portion 
provided on a preceding stage of said first guide roll- io 
er. 



12. A method according to claim 11. wherein said opti- 
cal fiber responsive motion suppressing portion is 
at least one pair of guide rollers which are provided is 
above said first guide roller at a predetermined dis- 
tance to'oppose each other at a predetermined gap 
through which said optical fiber is passed. 



13. An optical fiber comprising a core portion and a 
cladding portion covering said core portion, wherein 
said optical fiber is manufactured in accordance 
with the method according to claim 1 , and is impart- 
ed with a predetermined twist. 

2S 

14. An optical fiber manufacturing apparatus compris- 
ing: 

a drawing furnace for heating and softening an 
optical fiber preform; 30 
a tensile capstan for drawing an optical fiber 
from the preform with a predetermined force; 
a coating unit for coating the drawn optical fiber 
with a predetermined coating material; 
a first guide roller, swinging periodically, for 3S 
guiding the optical fiber coated with the prede- 
termined coating material, and rolling said op- 
tical fiber on a roller surface ot said first guide 
roller in accordance with swing of said first 
guide roller; and 40 
a second guide roller, provided to a next stage 
of said first guide roller and having a fixed ro- 
tating shaft, for guiding the optical fiber that has 
passed througfi said first guide roller, a portion 
provided to said second guide roller suppress- 4S 
ing the optical fiber from rolling on a roller sur- 
face of said second guide roller. r 
wherein change over time of a swing angle of 
said first guide roller is such that a maximum 
clockwise angle and a maximum counterclock- so 
wise angle are equal, that a period of the clock- 
wise swing and a period of the counterclock- 
wise swing are equal, and that a swing angular 
velocity changes smoothly. 
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